Methods for identifying isolates of various pathogenic bacteria by DNA fingerprinting with random primers (RAPD) have been described recently. In these methods many primers are screened and the primers that generate the most informative DNA pattern are selected. A new strategy that simplifies the primer selection process for RAPD fingerprinting has been developed in our laboratory. In this approach, one or more degenerate nucleotides is introduced into the core RAPD primer sequence at various nucleotide positions. Results show that a single degenerate nucleotide in the primer sequence can significantly change the DNA profile obtained for the same template. The more removed the degenerate nucleotide is from the 3' end of the primer, the less dramatic is its effect on bandIng pattern. This method utilizing degenerate RAPD (D-RAPD) primers was tested on clinical isolates of Legionella pneumoniae, and results were confirmed with nondegenerate RAPD primers. Results obtained with D-RAPD primers were in total agreement with those obtained with nondegenerate RAPD primers. We propose that the use of a core RAPD primer sequence with one or more degenerate nucleotide(s) at various positions can expedite the generation of unique DNA fingerprints of indlvidual organisms. A general method for selecting the most useful fingerprinting RAPD primers is discussed.
Legionella pneumoniae, and results
were confirmed with nondegenerate RAPD primers. Results obtained with D-RAPD primers were in total agreement with those obtained with nondegenerate RAPD primers. We propose that the use of a core RAPD primer sequence with one or more degenerate nucleotide(s) at various positions can expedite the generation of unique DNA fingerprints of indlvidual organisms. A general method for selecting the most useful fingerprinting RAPD primers is discussed. (12) plants, (13~ fish, (14~ and humans. ~ Typically, RAPD analysis begins by testing the ability of different primers to generate a unique and reproducible DNA-banding profile (fingerprint). This task, however, can be lengthy and expensive. In practice theoretical considerations for primer design and optimum reaction conditions often fail to produce the expected results. (16) Thus, the screening for appropriate RAPD primers relies primarily on trial and error.
Analysis of the primer screening process reveals that by using one RAPD primer with a given sequence, the number of possible primer pairs required for successful DNA fragment amplification is 1. By introducing a single 2-base degeneracy at any position (thus generating two primer sequences), the number of these combinations increases to 3. Similarly, the number of primer pair combinations for a single 3-base degeneracy (three primer sequences) is 6 and for a 4-base degeneracy (four primer sequences) is 10 combinations. Although not all of these combinations are expected to be stable or productive, even one combination will be sufficient to generate one or more amplification products. Thus, rather than screening 10 individual primer pair combinations (represented in four primer sequences) for their ability to generate a unique fingerprint, only one primer with a 4-base degeneracy at one position is needed to do just that.
MATERIALS AND METHODS Preparation of Crude Bacterial Extracts
Single colonies were picked from culture plates and suspended in 500 ~l of lysis buffer (10 mM Tris-HC1 at pH 8, 1 mM EDTA, 1% Triton X-IO0). Cells were lysed by heating in a heat block at 95~ for 30 min. After cooling to room temperature, cell lysates were stored at -20~ Aliquots of this lysate were used directly in PCR.
PCR
Reactions (25 ~1) contained buffer (10 mM Tris-HC1 at pH 8.3, 50 mM KC1, 0.001% gelatin), 200 ~M deoxynucleotide triphosphates, 4 mM MgC12, 4 ~M primer(s), 5 ~1 of the crude bacterial lysate, and 1 unit of Taq DNA polymerase (Perkin-Elmer). Unless stated otherwise, each lysate was analyzed at two different dilutions. For detection by autoradiography (Fig. 3, below) , 1 pmole of 3zp endlabeled primer was added to the reaction.
Thermal cycling was carried out in a Perkin-Elmer series 9600 cycler. After an initial denaturation step at 94~ for 2 min, five cycles were performed as follows: 94~ for 30 sec, 90-sec ramp to 30~ 30~ for 30 sec and 72~ for 30 sec. This was followed by 35 cycles of 94~ for 30 sec, 90-sec ramp to 55~ 55~ for 30 sec and 72~ for 30 sec. A final extension at 72~ was performed for 10 min.
Gel Electrophoresis
PCR products from reactions with different lysate dilutions were first combined, and 10-p.l aliquots of this mixture were mixed with 2 i~l of agarose gel loading dye and electrophoresed on 4% NuSieve (3:1) agarose gels (FMC BioProducts). Electrophoresis buffer was Tris-acetate buffer (pH 8) containing 0.3 t~g/ml of ethidium bromide. DNA bands were visualized by exposure to UV light. W h e n end-labeled primers were used, 8 i~l of denaturing dye was added to each reaction, and the mixtures were denatured at 99~ for 15 m i n prior to electrophoresis on 8% denaturing polyacrylamide gels. DNA bands were visualized by autoradiography.
Oligonucleotide Synthesis
All PCR primers were synthesized on a Beckman Oligo 1000 instrument. Cleavage and deprotection were performed using Beckman's UltraFast kit. 
RESULTS

The Utility of Degenerate RAPD Primers in DNA Fingerprinting
Effect of Degenerate Nucleotides
D-RAPD fingerprinting was carried out using a series of primers that differ in the position of the degenerate nucleotide, N, but are otherwise identical. A single Legionella isolate was used as the source of template DNA in all reactions. Results in Figure 2 show that placing N at various positions in the primer changes the DNA-banding pattern. W h e n N is located in the middle of the primer, bands that are shared with the nondegenerate primer can be detected (see below). W h e n N is moved closer to the 5' end of the primer, the banding pattern becomes very similar to that of that are generated by the nondegenerate primer. Moreover, increasing the degeneracy in the core primer sequence results in a different banding pattern for the same DNA template but does not necessarily increase its complexity (data not shown). This suggests that although higher primer degeneracy results in a larger theoretical n u m b e r of possible primer combinations, only a subset of these may be successful in generating amplified bands. Some bands may be shared between the three profiles because some primer sequences in the less degenerate primer are present in the more degenerate one.
Effect of the 3'-end Nucleotide
PCR reactions were carried out in duplicate using 32P-end-labeled primers that differ in the level of degeneracy as shown in Figure 3 . As expected, our results show that changing the 3'-terminal nucleotide in the D-RAPD primer sequence results in significant changes in the banding pattern. This was true for both degenerate and nondegenerate primers.
Template Concentration
The a m o u n t of DNA template present in PCR reactions is a major source of nonreproducibility in RAPD fingerprint analysis. (17) It has been observed in our laboratory that some amplified bands in a given fingerprint may disappear in a selective m a n n e r as a result of decreasing template concentration in the reaction. To demonstrate this p h e n o m e n o n , 10-fold serial dilutions were made on the Legionella crude lysate, and D-RAPD fingerprinting was carried out on each dilution as described above. Results in Figure 4 show that the intensity of several bands, such as band B, remained essentially unchanged even at 100-fold template dilution, whereas other bands such as band A have almost disappeared at the same dilution. It is therefore important to carry out reactions with at least two dilutions and compare the profiles between the two runs to ensure consistency of banding patterns. Reactions were carried out in duplicate using a single bacterial isolate and 32P-end-labeled primers as described in Materials and methods. Three sets of related primers with increasing levels of degeneracy were used as outlined above. Each primer set contained four primers that differ only in the 3'-terminal nucleotide. Our goal was to devise a strategy for selecting the appropriate primers for this task, as well as to simplify the RAPD primer screening process for fingerprinting of other microorganisms in the future. Our results show that DNA profiles generated by D-RAPD primers are comparable in quality and reproducibility to their nondegenerate counterparts. Occasionally, however, results may be difficult to interpret because of the presence of some faint bands or differences in the relative intensities of the bands. These effects are either real differences between different isolates, or they may be attributable to variability in the quality and quantity of the DNA in the reaction. Such ambiguities were easily resolved by analyzing banding patterns generated by several template dilutions. (17~ Variations attributable to the quality and/or the quantity of DNA usually disappear with higher dilutions, whereas genuine differences remain. To ensure the reproducibility of resuits, several precautions must be considered: (1) It is recommended that unique fingerprints be generated by at least two primers to confirm differences between isolates; (2) all reactions must be carried out in duplicate; and (3) PCR reactions must be performed using several serial dilutions of the crude lysate. Analysis of these reactions side by side on a gel will give an idea about the optimal template concentration range. In addition, if the reaction products from within this range are combined prior to electrophoresis, minor experimental inconsistencies will be diluted out. Finally, although autoclaved, filtered, doubledistilled water may be used as control, strong bands may still be detected in control reactions. These bands are derived either from small DNA fragments that could not be removed by filtration or the Taq DNA polymerase itself, which may not be 100% DNA-free. (18~ These bands, however, do not cause serious problems in interpreting the results, as they can be easily subtracted from the experimental lanes. The problem may be minimized by decontaminating all reagents, except enzyme and template, and by UV irradiation at 254 n m for 5 m i n prior to their use.
Results presented here demonstrate that introduction of degenerate nucleotides in the primer sequence can significantly simplify the process of screening large numbers of random primers. However, the specific primer pair combinations that generated the unique DNA profile will not be readily known. It has been reported that nucleotides at or close to the 3' end are very important in determining the enzyme binding and primer extension. (18~ Thus, it is possible to identify these specific primer sequences by setting up a set of four reactions using primers of the general sequence xxx xxx xNN n, where x is any nucleotide, N is a degenerate nucleotide, and n is the 3'-terminal nucleotide of the four primers. The reaction that generates the most informative banding pattern can then be identified (e.g., with a G at the 3' end), and a new set of four primers with the general sequence xxx xxx xNn G are synthesized and used in the next set of reactions. This process is repeated until all three terminal nucleotides that generate the best DNA profile are identified. This strategy will reduce the number of primers needed to generate the
